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AMENDMENTS TO THE CLAIMS: 



This listing of claims will replace all prior versions and listings of claims in the 
application: 
1 -49 (Cancelled). 

50. (Currently Amended) An azimuth measurement device comprising: 

2- or 3-axis geomagnetism detection means for detecting the 
geomagnetism; 

output data acquisition means for acquiring repeatedly a predetermined 
number of times or more, either the 2-axis output data at the time 
when the direction of the geomagnetism detection means changes 
while keeping the 2-axis detecting directions on a predetermined 
plane, or the 3-axis output data at the time when the direction of the 
geomagnetism detection means changes in the three-dimensional 
space; ' 

roforonco po i nt ost i mation moanc for dotormin i ng a roforonco point ei th e r 
on 2 - ax i s coordinate space compos e d of th e 2 - ax i s output data or 
on 3 - ax i s coordinat e space compos e d of th e 3 - axis output data 
th e r e by to e st i mat e th e coord i nat e s of th e r e f e r e nce point by a 
stat i st i cal m e thod s o that th e d i sp e rs i on of th e distanc e s from th e 2- 
or 3 - axis output data group obtain e d by th e output data acquis i t i on 
m e ans, to th e r e f e r e nc e point may b e m i nim i z e d ; 
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offset information calculation means for determining a reference point 

either on 2-axis coordinate space composed of the 2-axis output 

data or on 3-axis coordinate space composed of the 3-axis output 

data thereby to estimate the coordinates of the reference point so 

that the dispersion of the distances from the 2- or 3-axis output data 

group obtained by the output data acquisition means, to the 

reference point may be minimized, and for calculating the offset 

information of the output data of the geomagnetism detection 

means on the basis of the coordinates of the reference point by th e 

r e f e r e nc e point es t i mat i on m e ans ; and 

fifst reliability information calculation means for obtaining first reliability 
information relating to the reliability of the offset information 
calculated by said offset information calculation means, 

wherein the an acceptance threshold value at the time of calculating said 
offset information is gradually tightened on the basis of th e ba 6is of 
the first predetermined number of the recent first reliability 

-I 

information calculated by said ftfst reliability information calculation 
means. 



-4- 

■ t 



Application no. 10/563,128 
Attorney Docket No. 04208.0228-00000 

m 

51 . (Currently Amended) An azimuth measurement device according to claim 50, 
further comprising second reliability information calculation means for obtaining 
second reliability information relating to the reliability of the offset information 
from the output data acquired latest, wherein an acceptance threshold value at 
the time of calculating said offset information is loosened, in case the reliability 
deteriorates, on the basis of second reliability information of the recent second 
predetermined number calculated by said s e cond reliability information 
calculation means. 

52. (Original) An azimuth measurement device according to claim 51 , 

* - ■ ; • 

1 

wherein said second reliability information is the distance from the 2- or 3- 
axis output data obtained by said output data acquisition means, to 
the reference point. 

53. (Original) An azimuth measurement device according to claim 51 , 

wherein said second reliability information is calculated from a 

geomagnetic inclination angle information calculated from the 3- 
axis output data obtained by said output data acquisition means. 

■ 

54. (Original) An azimuth measurement device according to claim 51 , further 
comprising first and second external output means for outputting said first and 
second pieces of reliability information to the outside. 

55. (Currently Amended) An azimuth measurement device according to claim [[50]] 
51, 



-5- 



Application no. 10/563,128 
Attorney Docket No. 04208.0228-00000 
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wherein not only the acceptance threshold value at the time of calculating 

» • 

said offset information but also the data measurement conditions 
and/or the offset information calculation conditions are changed. 

56. (Original) An azimuth measurement device according to claim 55, 

wherein said second reliability information is the distance from the 2- or 3- 
axis output data obtained by said output data acquisition means, to 
the reference point. 

57. (Original) An azimuth measurement device according to claim 55, 

wherein said second reliability information is calculated from a 

geomagnetic inclination angle information calculated from the 3- 
axis output data obtained by said output data acquisition means. 

58. (Original) An azimuth measurement device according to claim 55, 

wherein said data measurement condition value and/or said offset 

information calculation condition contains a measurement time 
interval. 

59. (Original) An azimuth measurement device according to claim 55, 

wherein said data measurement condition value and/or said offset 
information calculation condition contains number of data for 
calculating the offset information. 

60. (Original) An azimuth measurement device according to claim 55, 
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wherein said data measurement condition value and/or said offset 

information calculation condition contains said first and/or second 

predetermined number. 

61 . (Currently Amended) An azimuth measurement device according to claim 55, 
further comprising: th+Fd reliability information calculation means for ca l cu l at i ng 
obtaining third reliability information from said data measurement condition value 
and/or said offset information calculation condition; and third external output 
means for outputting said third reliability information from said tlw4 reliability 
information calculation means. 

62. (Original) An azimuth measurement device according to claim 50, 

wherein said first reliability information is calculated from the dispersion of 
the recent reference point. 

63. (Original) An azimuth measurement device according to claim 50, 

wherein said first reliability information is calculated from the dispersion of 
the data of said closes 2r or 3-axis output data group. 

* 

64. (Original) An azimuth measurement device according to claim 50, further 
comprising detection means for detecting a specific event, wherein the 
acceptance threshold value at the time of calculating the offset information in 
case said event occurs are changed. 

65. (Currently Amended) An azimuth measurement device according to claim [[50]] 
64, 

wherein said specific event is a specific operation by an operator. 

t . > 
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(Currently Amended) An azimuth measurement device comprising: 

3-axis geomagnetism detection means for detecting the geomagnetism; 
output data acquisition means for acquiring the 3-axis output data at the 

* 

time when the direction of said geomagnetism detection means 
changes in the three-dimensional space, repeatedly a 
predetermined number of times or more; 

roforonco point ostimat i on moans for dotorm i ning a r e feronco po i nt on 
thr ee- d i m e ns i ona l coord i nat e s compos e d of sa i d 3 ax i s output 
data, to ost i mat e tho coord i natoc of tho roforonc e po i nt from tho 3 
ax i s output data group obta i n e d by s a i d output data acqu i sit i on 
m e ans ; 

offset information calculation means for determining a reference point on 
three-dimensional coordinates composed of said 3-axis output 
data, to estimate the coordinates of the reference point from the 3- 
axis output data group obtained by said output data acquisition 
means, and for calculating the offset information for the output data 
of said geomagnetism detection means on the basis of the 
coordinates of said reference point by sa i d r e fer e nc e point 
e st i mat i on m e ans ; and 

s e cond reliability information calculation means for obtaining second 
reliability information relating to the reliability of the offset 
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information from the output data obtained latest by said output data 

acquisition means, 

wherein the second reliability information calculated by said socond 

reliability information calculation means is calculated from both the 

i 

geomagnetic inclination angle information expected with the 
premise that the azimuth measurement device is horizontally held 
and the geomagnetic inclination angle information calculated from 
the output data acquired latest by said output data acquisition 
means. 

67. (Currently Amended) An azimuth measurement device comprising: 

2- or 3-axis geomagnetism detection means for detecting the 
geomagnetism; 

output data acquisition means for acquiring several times or more, either 
the 2-axis output data at the time when the direction of said 
geomagnetism detection means changes while keeping said 2-axis 
detecting directions on a predetermined plane or the 3-axis output 
data at the time when the direction of said geomagnetism detection 
means changes in the three-dimensional space; 

* 

p t 
i > • 

r e f e r e nc e point e st i mat i on m e ans for e st i mat i ng th e coord i nat e s of th e 

roforonce po i nt by a stat i st i cal mothod so that th e d i sporc i on of tho 
distanc e s from s ele ctod 2 or 3 axis output data group to the 
r e f e r e nc e point may b e m i nim i z e d; sa i d r e f e r e nc e point est i mation 
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moanc alco soloct i ng sa i d 2 or 3 ax i s output data on the bas i s of 

prodotorm i nod measurement paramotors, and also dotormin i ng a 

r e f e r e nc e po i nt ei th e r on th e two - d i m e nsiona l coordinate composed 

of sa i d s ele ct e d 2 - ax i s output data or on th e thr ee- dim e n si ona l 

coord i nates composod of sa i d s e l e ctod 3 axis output data ; 

offset information calculation means for estimating the coordinates of the 
reference point so that the dispersion of the distances from 
selected 2- or 3-axis output data group to the reference point may 
be minimized; said reference point estimation means also selecting 
said 2- or 3-axis output data on the basis of predetermined 
measurement parameters, and also determining a reference point 
either on the two-dimensional coordinate composed of said 
selected 2-axis output data or on the three-dimensional coordinates 
composed of said selected 3-axis output data, and for calculating 
the offset information for the output data of said geomagnetism 
detection means on the basis, of a plurality of estimated reference 
points ost i matod by sa i d r e f e r e nc e point ost i mation m e ans ; 

azimuth calculation means for calculating an azimuth from said output 
data and said offset information; and 

reliability information calculation means for calculating the second 
reliability information of said offset information according to 
calculation parameters for calculating the reliability information of 
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predetermined offset information, on the basis of at least one of 

» 

said 2- or 3-axis output data group and said plural reference points. 

68. (Original) An azimuth measurement device according to claim 67, 

wherein said offset information calculation means compares said reliability 
information with an acceptance threshold value to evaluate whether 
or not said reliability information is to be adopted as the offset 
information to be used for the calculation of the azimuth by said 
azimuth calculation means. 

« 

r 

69. (Original) An azimuth measurement device according to claim 68, 

i 

wherein said acceptance threshold value is changed more strictly as said 
offset information is adopted a predetermined number of times. 

70. (Original) An azimuth measurement device according to claim 68, further 
comprising a detection section for detecting the magnetic environment inside and 
outside of the azimuth measurement device and the change in said magnetic 
environment, 

wherein said acceptance threshold value is loosened in case said 

T 

i 

detection section detects that said magnetic environment has 
changed. 

71 . (Original) An azimuth measurement device according to claim 70, 

wherein said detection section detects that the magnetic environment has 
changed, in case the data acquired by said output data acquisition 

* 

means exceeds a predetermined range. 
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72. (Original) An azimuth measurement device according to claim 68, further 
comprising: 

event detection means for detecting either the change in the environment 
of the azimuth measurement device or the operation of the 
operator, 

wherein said acceptance threshold value is changed in case said event 
occurs. 

• ■ 

73. (Original) An azimuth measurement device according to claim 72, 

wherein said environment change is a temperature change. 

74. (Original) An azimuth measurement device according to claim 68, 

wherein at least one of said measurement parameters and said calculation 
parameters are changed, when said acceptance threshold value is 
changed. 

75. (Original) An azimuth measurement device according to claim 68, 

wherein the reliability information of said offset information contains the 
information calculated from the dispersion of the plural reference 
points. 

76. (Original) An azimuth measurement device according to claim 68, 

wherein the reliability information of said offset information contains the 

» • 

information calculated from the dispersion of the data composing 
said 2- or 3-axis output data group. 
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77. (Original) An azimuth measurement device according to claim 68, 

wherein the reliability information of said offset information contains the 
distance from the 2- or 3-axis output data obtained by said output 
data acquisition means, to the reference point. 

78. (Original) An azimuth measurement device according to claim 68, 

wherein said measurement parameters contain a measurement interval. 

79. (Currently Amended) An azimuth measurement device according to claim 68, 

wherein said measurement parameters contain the variation in data, 

wherein said variation is the difference between the output data acquired 
by said output data acquisition means and the data selected by 
said roforoncd po i nt ostimat i on offset information calculation means 
for estimating said reference point , and 

wherein said r e f e renc e po i nt es timat i on offset information calculation 
means selects the data, of which said variation is at a 

» 

predetermined value or higher. 

80. (Currently Amended) An azimuth measurement device according to claim 68, 

wherein said measurement parameters contain the number of data for 

» 

said r e f e r e nc e po i nt e st i mat i on offset information calculation means 
to estimate the coordinates of the reference point. 



81 . (Original) An azimuth measurement device according to claim 68, 
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wherein said calculation parameters contain the number of reference 

points for calculating the dispersion of said reference points. 

82. (Original) An azimuth measurement device according to claim 68, further 
comprising output means for outputting at least one of said acceptance threshold 
value, said measurement parameters and said calculation parameters to the 
outside. 

83. (Currently Amended) An azimuth measurement device according to claim 68, 

wherein said geomagnetism detection means acquires 3-axis output data7- 
furthor compris i ng: and 

i nformation acqu i cit i on moans rotat i ng to th e posturo angle 
of th e az i muth m e asur e m e nt d e v i c e ; and 

g e omagn e t i c i nc l inat i on ang le i nformat i on ca l cu l at i on m e ans 
fef calculates geomagnetic inclination angle 
information from said output data, said offs e t 
i nformation and the posture angl e, 

wh e r ei n sa i d azimuth ca l culation m e an 6 ca l cu l at e s th e 
az i muth of th e d e vic e from said output data, sa i d 
offs e t i nformat i on, and th e i nformation r el at i ng to sa i d 
postur e ang l e , and 

wherein th e i nd e x of second reliability information of th e 

azimuth to bo calculated is calculated from the value 
of said geomagnetic inclination angle information. 
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(Currently Amended) An azimuth measurement method comprising: 

the step of acquiring, by using 2- or 3-axis geomagnetism detection 

means for detecting the geomagnetism, either the 2-axis output 
data at the time when the direction of said geomagnetism detection 
means changes or the 3-axis output data at the time when the 
direction of said geomagnetism detection means changes in the 
three-dimensional space, a plurality of times or more while keeping 
said 2-axis detecting directions on a predetermined plane; 

the step of selecting said 2- or 3-axis output data on the basis of 

. ! 

predetermined measurement parameters; 

v. 

the step of determining a reference point either on the two-dimensional 
coordinate composed of said selected 2-axis output data or on the 
three-dimensional coordinates composed of said selected 3-axis 
output data, thereby to estimate the coordinates of the reference 
point by a statistical method so that the dispersion of the distances 
from said selected 2- or 3-axis output data group to the reference 
point may be minimized; v 

the step of calculating the offset information for the output data of said 
geomagnetism detection means on the basis of said plural 
reference points estimated; 

the step of calculating an azimuth from said output data and said offset 
information; and 
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■ 

the step of calculating the second reliability information of said offset 

information according to, calculation parameters for calculating the 

■ 

reliability information of predetermined offset information, on the 
basis of at least one of said 2- or 3-axis output data group and said 
plural reference points. 

85. (Original) An azimuth measurement method according to claim 84, 

wherein said offset information calculation step compares said reliability 
information with an acceptance threshold value to evaluate whether 
or not said reliability information is to be adopted as the offset 
information to be used for the calculation of the azimuth. 

86. (Original) An azimuth measurement method according to claim 85, 

wherein said acceptance threshold value is changed more strictly as said 
offset information is adopted a predetermined number of times. 

87. (Currently Amended) An azimuth measurement method according to claim 85, 

i 

further comprising: 

• « s 

k 

the step of detecting that the magnetic environment inside and outside of 
the azimuth measurement device has changed after the step of 
acquiring said output data plural times ; and 

the step of loosening said acceptance threshold value in case it is 
detected that said magnetic environment has changed. 

88. (Original) An azimuth measurement method according to claim 87, 

* 
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wherein said detection step detects that the magnetic environment has 

changed, in case the data acquired exceeds a predetermined 

range. 

89. (Original) An azimuth measurement method according to claim 85, further 
comprising: 

the step of detecting either the change in the environment of the azimuth 
measurement device or the operation of the operator; and 

the step of changing said acceptance threshold value in case said event 
occurs. 

90. (Original) An azimuth measurement method according to claim 89, 

wherein said environment change is a temperature change. 

91 . (Original) An azimuth measurement method according to claim 85, 

wherein said acceptance threshold- value is changed, and 

wherein at least one of said measurement parameters and said calculation 
parameters are changed. 

92. (Original) An azimuth measurement method according to claim 85, 

wherein the reliability information of said offset information contains the 
information calculated from the dispersion of the plural reference 
points. 

93. (Original) An azimuth measurement method according to claim 85, 
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wherein the reliability information of said offset information contains the 

information calculated from the dispersion of the data composing 

p 

said 2- or 3-axis output data group. 

94. (Original) An azimuth measurement method according to claim 85, 

wherein the reliability information of said offset information contains the 
distance from the 2- or 3-axis output data obtained by said output 
data acquisition means, to the reference point. 

95. (Original) An azimuth measurement method according to claim 85, 

wherein said measurement parameters contain a measurement interval. 

96. (Original) An azimuth measurement method according to claim 85, 

wherein said measurement parameters contain the change in data, 

wherein said change is the difference between the output data acquired by 
said output data acquisition means and the data selected by said 
reference point estimation means, and 

wherein said reference point estimation means selects the data, of which 
said change is at a predetermined value or higher. 

97. (Original) An azimuth measurement method according to claim 85, 

wherein said measurement parameters contain the number of data for 
estimating the coordinates of the reference point. 

98. (Original) An azimuth measurement method according to claim 85, 
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wherein said calculation parameters contain the number of reference 
points for calculating the dispersion of said reference points. 

(Original) An azimuth measurement method according to claim 85, further 
comprising the step of outputting at least one of said acceptance threshold value, 
said measurement parameters and said calculation parameters to the outside. 

(Currently Amended) An azimuth measurement method according to claim 85, 

wherein said geomagnetism detection step acquires 3-axis output data, 
further comprising: 

tho stop of acqu i r i ng i nformation rotating to tho postur e ang l e 

* * » 

of tho azimuth moasuromont d e v i c e ; and 

■ X 

the step of calculating geomagnetic inclination angle 
information from said output data , sa i d offs e t 
i nformation and th e i nformat i on r e lat i ng to th e posture 
angter after the step of acquiring said output data 
plural times; and 

whoroin sa i d az i muth ca l culat i on stop ca l cu l ates th e azimuth 
of the d e v i c e from s a i d output data, said off se t 
i nformation, and th e i nformat i on re l at i ng to said 
postur e ang le , arid furth e r compr i s i ng: 

the step of calculating th e ind e x of second reliability 
information of th e az i muth to b e ca l cu l at e d i s 
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ca l cu l at e d from the value of said geomagnetic 

inclination angle information. 

101 . (New) An azimuth measurement device comprising: 

a geomagnetism detector for detecting a geomagnetism; 

an output data element for acquiring repeatedly a predetermined number 
of times or more output data from the geomagnetism detector at a 
time when the direction of the geomagnetism detector changes; 

a reference point estimator for determining a reference point either on a 
coordinate space composed of the output data thereby to estimate 
the coordinates of the reference point by a statistical method so 

* ■ 

that the dispersion of the distances from the output data group 
obtained by the output data element, to the reference point may be 
minimized; 

an offset information calculator for calculating offset information of the 
output data of the geomagnetism detector on the basis of the 
coordinates of the reference point calculated by the reference point 
estimator; and 

a first reliability information calculator for calculating reliability information 
relating to the reliability of the offset information calculated by said 
offset information calculator, 

wherein an acceptance threshold value at the time of calculating said 
offset information is gradually tightened on the basis of the first 
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predetermined number of the recent first reliability information 
calculated by said first reliability information calculator. 

102. (New) An azimuth measurement device according to claim 101 , further 

comprising second reliability information calculator for relating to the reliability of 
the offset information from the output data acquired latest, wherein an 
acceptance threshold value at the time of calculating said offset information is 
loosened, in case the reliability deteriorates, on the basis of second reliability 
information of the recent second predetermined number calculated by said 
second reliability information calculator. 



103. (New) An azimuth measurement device according to claim 102, 

wherein said second reliability information is the distance from the output 
data obtained by said output data element, to the reference point. 

104. (New) An azimuth measurement device according to claim 102, 

wherein said second reliability information is calculated from a 

geomagnetic inclination angle information calculated from the 
output data obtained by said output data element. 
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